Materials and Methods
We investigated two adjustable valves, the Codman Hakim programmable valve model CM (Johnson & Johnson, Inc., Raynham, MA) and the Sophysa model SM8 (Sophysa Co., Orsay, France). We tested the resistance of these valves in homogeneous and nonhomogeneous magnetic fields. Static, sinusoidal, and pulselike magnetic fields were investigated under homogeneous conditions. In each of the following experiments we looked for the minimum field strengths required to change the valve setting at least one pressure level.
The valves were placed in a homogeneous magnetic field within a coil with an iron core. The minimum magnetic flux density necessary to alter the pressure setting of the valve was registered. The valves were placed into the magnetic field 10 times. When no change in the valve setting was registered the flux density was increased in 1-mT steps. This procedure was repeated until a change in the valve setting was noticed in at least one instance, and the flux density was registered. For static magnetic fields the flux density was directly measured using a milliteslameter with a Hall probe. In time-dependent harmonic fields the flux density B was calculated from the measured induced voltage Û in a special measurement coil (N turns), observing the cross-sectional area A of the coil and the frequency f, as shown in the following equation: B = Û /(2fNA). The frequencies varied between 0.5 Hz and 200 Hz with special attention paid to the technical frequencies of 16.67 Hz and 50 Hz. In tests in which pulselike fields were examined the pulse duration varied between 1.3 msec and 500 msec.
The studies in homogeneous fields were done with regard to angles between the valve and magnetic flux directions and with regard to the change in the valve position compared with its former position. In nonhomogeneous fields the valve was positioned close to the pole of a strong permanent magnet and was then moved closer to the magnet in 1-mm steps, beginning at a distance of 20 mm. The measurement at each distance was repeated 10 times when the valve setting was unchanged. The distance at which the first change in the valve setting was noticed was registered, and for this distance a corresponding flux density was determined by a calibration curve.
After we determined the B cr , these results were compared with known values in the literature about technical magnetic fields. Additionally, we determined the magnetic fields generated by devices present in a typical contemporary residence. Devices with magnetic fields of critical strength were tested by moving and shaking the valves while they were being exposed to the magnetic fields.
Furthermore, the magnetic fields of two cellular phones operating in the 900-MHz range (D-net) and the 1.8-GHz range (E-net) were tested for their ability to change the valve setting. The field strengths of these phones were measured by an electromagnetic field probe (EMR 300; Wandel & Goltermann Co., Eningen, Germany). After that, the phones were placed next to the valves, which were checked for a change in their pressure settings. This experiment was performed when the phone was set on low power (good receiving conditions) and when it was set on maximum power (extremely bad receiving conditions). Each experiment was repeated 10 times.
Results

Laboratory Data
The susceptibility of the SM8 valve to homogeneous, static magnetic fields depends on the initial pressure setting of the device. A change from pressure position 6 (positions ranged from 1, lowest pressure, to 8, highest pressure level) requires the lowest magnetic flux density. The B cr also depends on the direction of the rotation of the mechanism within the valve; the lower flux density was required for rotations towards position 8. The most effective angle ␣ between the magnetic field direction and the valve is an angle of 90˚. The absolutely lowest flux density (critical magnetic flux density, worst case) required to cause a change in the valve pressure setting was found to be 6.5 mT. If the valve was shaken while it was exposed to the magnetic field, the B cr could be lowered to 5 mT (Fig. 1) .
The B cr in sinusoidal magnetic fields was found to be related to frequency. The lowest critical effective field strength was 5.4 mT at a frequency of 120 Hz. The results of frequency dependence are shown in Fig. 2 .
The B cr significantly increased at frequencies higher than 200 Hz (see also results of effects of cellular phones). It should be mentioned that at frequencies higher than 10 Hz a loud noise or strong vibrations of the valve could be noticed as signs of a possible change in adjustment. This happened at field strengths just below B cr .
The CM valve was not affected by the homogeneous, static magnetic field. Because it consists of 10 magnetic dipoles, the sum of the homogeneous field forces is zero. In 10 measurements at each valve position with magnetic flux densities up to 100 mT, we found that these levels did not cause a change in the valve setting.
In a nonhomogeneous, static magnetic field, which was detected in close vicinity to the poles of magnetic dipoles, the CM valve could be affected at a maximum distance of 10 mm, which means a minimum flux density of 15 mT is capable of changing the valve setting. The same minimum flux density was required when an electromagnet was used and the frequency dependence was tested. The frequency had no bearing on the B cr . The minimum flux density was the same, no matter in which direction the valve setting was changed.
In this nonhomogeneous, static magnetic field, the SM8 valve was affected from within 6 mm of the magnet, which is equal to a minimum flux density of more than 35 mT.
Comparison With Common Environmental Magnetic Fields
The static magnetic fields of some household appliances were measured and the results are presented in Table 1 . For all these items the main magnetic field source is a permanent magnet, for example, that found in a loudspeaker or in an earpiece. All appliances that can reach the B cr are designated in Table 1 , which shows that all of them could change the adjustment of the CM valve, whereas the hand apparatus of a cordless phone was powerful enough to reset both valves.
The direction of the change in the valve pressure setting could not be predicted. It probably depends on the direction of the magnetic field lines, which is normally unknown in everyday life.
The magnetic flux densities of low-frequency sinusoidal fields in residential, workplace, and public life reported in the literature 2, 5, 8, 10 are presented in Table 2 . There are some appliances that create flux densities beyond the B cr .
The cellular phones tested (two D-net devices) produced a maximum flux density of 0.36 T. In the context of safety requirements for users, the German standard (DIN VDE 0848-2) 3 allows peak values of 9.4 T (for f = 900 MHz, corresponding to D-net) and 13.4 T (for f = 1.8 GHz, corresponding to E-net). These values represent no danger for patients with an implanted valve (Fig. 2) . Accordingly, no change in the valves' adjustment could be achieved in our investigation by cellular phones of the C-, D-, or E-net types.
Discussion
The study reported here is confined to laboratory findings in ex vivo valves. The effect of magnetic fields on implanted valves has not yet been investigated.
The purpose of this study was to identify the weakest magnetic field capable of changing the valve pressure setting. This weakest magnetic field was considered a threshold; patients with these valves should only be exposed to magnetic fields of lower strength. Of course, our results were not evaluated statistically. Our tests do not permit us to predict which magnetic field would have a 50% likelihood of affecting the valve setting.
Because only one valve from each manufacturer was examined, variability in the susceptibility of different specimens of the same type of valves to magnetic fields cannot be ruled out. Our experiments do not quantify which magnetic fields may change the valve pressure setting by more than one level, because repeated exposures to the weakest effective magnetic field may still lead to marked changes in valve pressure settings.
Patients frequently ask whether a cellular phone could have an effect on the pressure setting of the valve. This can be definitively denied based on the results of our study. Only the permanent magnet in the loudspeaker of a telephone can influence the valve in individual cases. This could also happen with either conventional, attached-cord, or cordless telephones. Similar effects could be expected from permanent magnets in headphones or earphones. For the safety of patients with implanted adjustable valves, only the use of devices containing a piezoelectrical loudspeaker, which has no significant magnetic field, can be recommended.
Any permanent magnet in the household and in the workplace (for example, magnets for whiteboards) may represent a potential hazard for patients with adjustable valves and should not be used in the vicinity of people with these valves.
In the household the possibility of affecting the valve exists when a hair dryer is used within 30 cm of the shunt. No difficulties are to be expected near television sets, computer monitors, or stereo loudspeakers.
There are no critical magnetic fields associated with public transportation vehicles except for the Japanese magnetic suspension railway, for which the magnetic flux densities in the cabin are significantly higher than the critical value. Just as in patients with pacemakers, conveyance by these vehicles should not be permitted for patients with an adjustable valve. On the other hand the German magnetic suspension railway "Transrapid" is not dangerous for these patients, because it has a much lower magnetic field strength. Workplace exposure of patients with adjustable valves should also be avoided in specific areas with a strong static magnetic field. In particular, this would involve electrolytic systems, superconducting magnets, and energy storage units, and of course, magnetic resonance examination rooms. In terms of low-frequency magnetic fields, welding devices and induction heating systems should be regarded as potential hazards. Interestingly, the critical value of flux density for patients with an adjustable valve could be found in the cockpit of an electrical railway engine.
If the professional situation of a patient were to be considered before shunt implantation, the valve model can be selected according to the needs of the individual. The CM valve is not affected by homogeneous magnetic fields. In nonhomogeneous magnetic fields the SM8 valve (critical flux density 35 mT) is more stable than the CM valve (B cr 15 mT).
In future designs for such valves, higher magnetic flux densities should be considered for their adjustment. This would minimize the risk of an unwanted change in the pressure level by exposure to low magnetic fields in everyday life.
Conclusions
The pressure level of adjustable valves can be changed inadvertently by electromagnetic fields present in everyday life. Recipients of these valves and their physicians should be aware of these hazards. Critical devices in the patients' households should be replaced by less magnetic ones. The use of cellular phones has no effect on the adjustment of the valve. The two kinds of valves tested show different susceptibilities to different magnetic fields. The choice of a valve should be adapted to the workplace environment of the patient. As a safeguard, future valve designs should be constructed in such a way that they require higher magnetic flux densities for their readjustment.
